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Major Histocompatibility Complex and Immunoglobulin Production 
Abstract 
Selected chicken populations were analyzed by restriction fragment length polymorphism (RFLP) with a 
chicken MHC Class I (B-F) cDNA probe. The 13 highly inbred chicken lines differed in genetic origin and in 
MHC (B) haplotype, as distinguished by using hemagglutination with antisera against B-G and B-F 
antigens. The S1 sublines differed for B haplotype and antibody response to a synthetic polypeptide, GAT. 
In the highly inbred lines, band-sharing between lines from different origins was less than that between 
lines from same origin, showing the influence of the genetic background on chicken MHC Class I gene 
RFLP. In the S1 line, use of three restriction endonucleases (BglII, PvuII, and TaqI) produced MHC Class I 
RFLP that were associated with B haplotype, but not with immune response to GAT (IrGAT). A previous 
study in the authors' laboratory also demonstrated an association of MHC Class IIβ RFLP patterns with B 
haplotype, but not IrGAT, in the same line, suggesting that IrGAT is not controlled by MHC Class I or Class 
IIβ genes. 
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Length Polymorphism Analysis in Highly Inbred Chicken Lines 
and Lines Selected for Major Histocompatibility 
Complex and Immunoglobulin Production1 
Y. CHEN and S. J. LAMONT2 
The Immunobiology Program and the Department of Animal Science, 
Iowa State University, Ames, Iowa 50011 
ABSTRACT Selected chicken populations were analyzed by restriction 
fragment length polymorphism (RFLP) with a chicken MHC Class I (B-F) cDNA 
probe. The 13 highly inbred chicken lines differed in genetic origin and in MHC 
(B) haplotype, as distinguished by using hemagglutination with antisera 
against B-G and B-F antigens. The SI sublines differed for B haplotype and 
antibody response to a synthetic polypeptide, GAT. In the highly inbred lines, 
band-sharing between lines from different origins was less than that between 
lines from same origin, showing the influence of the genetic background on 
chicken MHC Class I gene RFLP. In the SI line, use of three restriction 
endonucleases (BglTL, PvuU., and Taql) produced MHC Class I RFLP patterns 
that were associated with B haplotype, but not with immune response to GAT 
(IrGAT). A previous study in the authors' laboratory also demonstrated an 
association of MHC Class H|J RFLP patterns with B haplotype, but not IrGAT, in 
the same line, suggesting that IrGAT is not controlled by MHC Class I or Class 
IIP genes. 
(Key words: chicken, restriction fragment length polymorphism, major 
histocompatibility complex Class I, glutamic acid-alanine-tyrosine, antibody) 
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INTRODUCTION 
The B complex, first described as a 
blood group by Briles et al. (1950), was 
later identified as the MHC in chickens 
(Schierman and Nordskog, 1961). There 
are three classes of highly polymorphic 
genes encoded in the B complex, desig-
nated B-F, B-L, and B-G, or Class I, Class 
II, and Class rV, respectively. The B-F and 
B-L genes are interspersed in the B-F-B-L 
subregion, which is closely linked to the B-
G subregion (Guillemot et al, 1988). The B-
F and B-L antigens are similar to their 
mammalian homologues in structure, 
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function, and tissue distribution (Guille-
mot et al, 1989b). The B-G antigen, 
however, is unique to avian species and is 
expressed mainly on erythrocytes (Pink et 
al, 1977), although other tissues also may 
express the B-G antigen (Miller et al, 
1990). 
The B complex has been associated with 
resistance to many diseases in chickens, 
including Marek's disease and fowl chol-
era, and also with important economic 
traits (reviewed by Bacon, 1987; Lamont, 
1989), illustrating the value of studying it 
in further detail. One approach that can 
provide information on the structure of 
MHC genes is analysis by using restriction 
fragment length polymorphism (RFLP). 
Previously, RFLP with a chicken MHC 
Class lip probe had been used to analyze 
highly inbred lines and lines selected for 
MHC type and Ig production (Warner et 
al, 1989; Pitcovski et al, 1989), but no data 
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JUpdated from Warner et al, 1989. 
Nomenclature proposed by W. E. Briles, Department of Biological Science, Northern Illinois University, 
DeKalb, IL 60115 (personal communication, 1991). 
fysed in previous publications (e.g., Knudtson and Lamont, 1989; Warner et al., 1989). 
4Also known as G-B2. 
5Also known as G-Bl. 
on Class I (B-F) genes were reported. The 
purpose of the present study was to 
examine the B-F genes in these chicken 
lines by using RFLP analysis. 
gous sublines: BUrGAT1™, BUrGAT1^, 
B^-IrGAT1™, and B^-IrGAT^S^ (Nord-
skog and Cheng, 1988). Two birds were 
sampled from each of these four sublines. 
MATERIALS AND METHODS 
Chicken Lines 
Thirteen highly inbred lines and a par-
tially inbred line selected for MHC and 
antibody response to GAT (Ir-GAT) were 
used in this study. The highly inbred lines 
were produced from a variety of genetic 
origins by full-sib matings and selection for 
homozygosity of the B haplotype (Table 1). 
Birds were serologically characterized for 
their B haplotype by using antisera against 
B-F and B-G antigens (Warner et al, 1989). 
The F2 generation from a cross between the 
two different B haplotype HN lines also was 
analyzed. The Iowa State University SI 
White Leghorn line, a partially inbred line, 
was selected for B haplotype (B1 or B19) and 
for level of secondary antibody response to 
GAT by ELISA, resulting in four homozy-
3Promega Corp., Madison, WI 53700. 
4Amersham Corp., Arlington Heights, IL 60005. 
Deoxyribonucleic Acid Isolation and 
Preparation of Hybridization 
Membranes 
Chicken DNA was isolated from whole 
blood by standard procedures (Maniatis et 
al, 1989). Samples of DNA were digested 
completely with restriction endonuclease 
PvuTL, Bgtn, or Taql? Fragments were 
electrophoresed and blotted to Hybond N+ 
nylon membrane4 by capillary transfer. The 
DNA fragments were then fixed to the 
membrane by placing the membrane on a 
Whatman 3MM paper soaked with .4 N 
NaOH for 20 min and then washing in 5 x 
standard sodium citrate (SSC, 150 mM 
NaCl and 15 mM Na3C6H507) for 1 min. 
Probe Preparation and Hybridization 
An MHC Class I (B-F) cDNA probe, F10, 
cloned from a B12 haplotype chicken, was 
used (Guillemot et al., 1988; kindly pro-
vided by C. Auffray, Centre National de la 
Recherche Scientifique, Nogent-sur-Marne, 
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FIGURE 1. Autoradiogram of chicken genomic DNA digested with restriction endonuclease A) Pvull or B) 
Bgffl, and hybridized with 32P-labeled MHC Class I (B-F) probe F10. Molecular weight markers are from XDNA 
HmdIII digest. Chicken lines are: 1) G-B2 (B6); 2) G-Bl (B50); 3) M-B44; 4) M-B43; 5) 19-B45; 6) Sp-B41; 7) GH-B49; 8) 
GH-B48; 9) GH-B47; 10) HN-B f 2 ; 11) HN-B
15; 12) 8-B42; and 13) 19-B46. 
France). The probe was cut from the vector 
and recovered by using the QIAEX agarose 
gel extraction protocol.5 The probe DNA 
was labeled to approximately 5 x 108 cpm/ 
Lig with 32P-deoxycytidine triphosphate by 
random priming. Twenty-five to 50 ng of 
labeled probe was denatured and hybri-
dized with the membrane for 20 to 24 h at 65 
C. The membranes were then washed once 
with .263 M Na 2 HP0 4 and 1% SDS, twice 
with 2 x SSC and .1 % SDS, and twice with .8 
x SSC and . 1 % SDS. All the washes were 
performed at 65 C for 15 to 20 min. The 
membranes were exposed to Kodak XAR-5 
X-ray films with an intensifying screen at 
-70 C for 2 to 4 days. 
Band-Sharing Calculation 
Similarity of the position of the bands 
was determined by visual inspection and 
5QIAGEN Inc., Chatsworth, CA 91311. 
comparison with molecular weight marker. 
Band-sharing (BS) between two lanes of the 
autoradiogram was calculated by the for-
mula Nab + (Na + Nb), where Na = number 
of bands in Lane a; Nb = number of bands in 
Lane b; and Nab = number of bands shared 
in the two lanes. The BS between lines from 
the same genetic background and BS be-
tween lines from different genetic back-
grounds were contrasted. 
RESULTS 
Thirteen Highly Inbred Lines 
Among the 13 highly inbred chicken 
lines, Lines G-B2 (B6), G-Bl (B50), and 
19-B46 (Figure 1, Lanes 1, 2, and 13) shared 
the same RFLP pattern after DNA digestion 
with restriction endonuclease Pvull or Bglll 
and hybridization with the MHC Class I 
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TABLE 2. Band-sharing in the major histocompatibility complex Class I (B-F) restriction frag-












































































































































































^Generated from Figure IB. 
*BS1 = average band-sharing with all lines from different genetic backgrounds. 
3BS2 = band-sharing with line(s) from the same genetic background, with different B haplotype(s). 
T* = total number of strongly hybridizing bands. 
probe F10. Line 19-B45 and the three GH 
lines (Figure 1, Lanes 5, 7, 8, and 9) 
produced identical MHC Class I RFLP 
patterns after Bglll digestion (Figure IB), 
but Line 19-B45 differed from the GH lines 
in the weakly hybridizing bands after Pvull 
digestion (Figure 1A). All the other lines 
had unique patterns, confirming consider-
able polymorphism of the B-F genes. The BS 
data in these lines are presented in Table 2. 
The number of strongly hybridizing bands 
also differed in different lines, ranging from 
5 in the Spanish line to 13 in Lines M-B44 
and HN-B15. 
To test the association of B-G—B-F sero-
logical typing with Class I RFLP, pools were 
made from blood of 20 individual birds of 
each serologically identical B haplotype 
group (Bi2Bb, BV-B&, ox B15B™) of the F2 
generation of a cross between the two HN 
lines. Analysis with the MHC Class I (B-F) 
probe showed that the heterozygotes 
(Figure 2, Lane 2) had all the bands present 
in either of the homozygotes (Figure 2, 
Lanes 1 and 3). Reduction in band intensity 
of heterozygous bands to approximately 
half of that in homozygous samples is 
shown in the three high-molecular-weight 
bands present in heterozygous form in the 
gl2gl5 samples but in homozygous form in 
the B12BU and B15B15 samples. The BnB15 
pool had all three bands, whereas the B12B12 
pool had two of them, and the B15B15 pool 
had the other band. 
Iowa State University S1 Line 
Polymorphism was observed in the SI 
line after hybridization with the MHC Class 
I (B-F) probe. Digestion with Bgltt yielded a 
pattern in which both B1 sublines had a 
9.4-kb band, whereas both B1 9 sublines 
lacked this band but had a 18-kb band 
instead (Figure 3). No association between 
IrGAT and RFLP bands was detected. When 
the restriction enzyme Pvull was used, a 
9.1-kb band present in all the B1 birds was 
split into two bands (8.6 and .5 kb) in all the 
B19 birds, regardless of the IrGAT trait 
(Figure 4, bands indicated by arrows). Use 
of another enzyme, Taql, also showed a 
MHC Class I polymorphism associated 
with B blood type but not IrGAT (data not 
shown). Digestion with each of the three 
enzymes showed association between the 
MHC Class I (B-F) RFLP patterns and the B 
blood type (determined by hemagglutina-
tion) but not with the antibody response to 
GAT. 
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FIGURE 3. Autoradiogram of SI line DNA, 
digested with Bglll and hybridized with 32P-labeled 
MHC Class I (B-F) probe F10. Molecular weight 
markers are from X.DNA HmdIII digest. Sublines are: 1) 
B1-/rG/lThiSh; 2) BUrGATXovf; 3) Bl9-hGAThi&h; and 
4) B^-IrGAT1™. 
2.3-
FIGURE 2. Autoradiogram of chicken genomic 
DNA of the F2 generation from a HN-B
12 x HN-B15 
cross. Each DNA sample was isolated from a blood 
pool of 20 birds. The DNA was digested with Bglll and 
hybridized with 32P-labeled MHC Class I (B-F) probe 
F10. Molecular weight markers are from X.DNA from 
HmdHI digest. The Ea-B types are: 1) B12B12; 2) Bl2B15; 
and 3) B^B15. 
DISCUSSION 
The MHC Class I RFLP analysis of the 
13 highly inbred chicken lines demon-
strated polymorphism of B-F genes in 
these lines. Use of a few restriction 
endonucleases could not distinguish some 
of the lines with different B haplotypes, 
especially in lines originated from the 
same breed (e.g., the two G lines and the 
three GH lines). A difference in B-F RFLP 
patterns was noted between Line HN-B15 
and Line I5I5 (Lamont et ah, 1990), howev-
er, which share the serologically deter-
mined B15 haplotype. This observation 
was in agreement with MHC Class II (B-
L)P RFLP studies (Warner et al, 1989), in 
which Lines HN-B12 and HN-B15 also 
showed different Class lip RFLP patterns 
than Lines 15.C-B12 and I5I5, respectively. 
The results of these comparisons illus-
trate that RFLP is a powerful tool in 
detecting differences in the B complex that 
are undetectable by serological typing. 
Sharing of B-L$ or B-F RFLP patterns 
could mean that the B-L|J or B-F genes are 
the same, but this conclusion is not 
definite until those genes are sequenced, 
because many nucleotide substitutions 
cannot be detected by any restriction 
endonucleases. The differences in the 
RFLP patterns definitely represent subre-
gion diversity, however, and the variation 
of the number of the strongly hybridizing 
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FIGURE 4. Autoradiogram of Prall-digested SI 
line DNA, hybridized with 32P-labeled MHC Class I 
(B-F) probe F10. Molecular weight markers are from 
XDNA HmdIII digest. Sublines are: 1) Bl-lrGATlov<; 2) 
and 3) B1-hGATKl^1; 4) and 5) B^-IrGAT10™; and 6) 
and 7) B19-IrGAThlSh. 
bands in the B-F RFLP analysis may reflect 
a difference in the number of B-F genes in 
different chicken lines; this supports previ-
ous observations (Chausse et al, 1989). 
Although the B-G and B-F-B-L subregions 
are closely linked to each other (Guillemot 
et al, 1989b), the RFLP analysis of the B-L 
and B-F genes, in addition to the tradi-
tional serological B-G-B-F typing, may 
help to characterize the B complex. The B-
G RFLP also has been successfully applied 
to genotyping the B complex (Miller et al, 
1988; Chausse et al, 1989; Uni et al, 1992). 
The BS (from Figure IB) between in-
bred lines was contrasted for each line 
between 1) the average BS with all the 
lines that have a different genetic back-
ground and 2) the BS with the line(s) that 
have the same genetic background (as 
indicated by the same line designation). 
The BS between individual lines ranged 
from .27 (Line HN-B15 with the two G 
lines and Line 19-B46) to 1.0 (Line 
19-B46 with the two G lines; Line 
19-B45 with the three GH lines). For all 
lines (except M-B43), BS with line(s) that 
have the same genetic origin is greater 
than the average BS with lines that have 
different genetic origins. This is especially 
evident in the G lines, the GH lines, the 19 
lines, and Line HN-B15. 
In general, the data in Table 2 suggest 
that the genetic background of a chicken 
line influences the MHC Class I (B-F) 
RFLP pattern. Chicken lines that have the 
same genetic background tend to have 
more similar patterns than lines having 
different genetic backgrounds. But having 
similar or even identical B-F (or B-L or B-
G) RFLP patterns does not always indicate 
that lines have a close genetic relationship. 
There are examples (e.g., the two 19 lines) 
in which a particular line has a B-F RFLP 
pattern closer to that of line(s) with 
different genetic background(s) than that 
of line(s) with the same genetic back-
ground. The reason for such instances 
might be 1) there was mutation in the B 
complex that happened to be detected by 
a restriction endonuclease; 2) there was 
mutation in the flanking region outside of 
MHC; or 3) recombination occurred be-
tween B-G (which is serologically typed) 
and B-F genes. Previously, a similar ap-
proach was taken by Alexander et al 
(1987) to show the influence of equine 
MHC haplotype on the RFLP patterns 
with an MHC Class I probe, by counting 
the number of bands shared between lanes 
and the number of bands different be-
tween lanes. The result of their approach 
showed that horses sharing the same 
MHC haplotype had closer MHC Class I 
RFLP patterns than those with different 
MHC haplotypes. 
Besides the bands strongly hybridizing 
with the MHC Class I probe, there are 
many weakly hybridizing bands shown on 
the autoradiograms, some of which are 
polymorphic. There are several possible 
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explanations for these weak bands: they 
could be genes from other members of the 
immunoglobulin gene superfamily; they 
could be pseudogenes that contain the 
polymorphic exon of the B-F gene, and 
thus hybridize much more weakly to the 
probe; or, the restriction endonucleases 
may recognize internal sites in the B-F 
genes. 
Because the IrGAT is linked to the B 
complex (Benedict et al, 1975), and the SI 
sublines B^-IrGAT^^1 and B^-IrGAT10^ 
were previously hypothesized to result 
from recombination between B1-IrGATiow 
and B19-IrGA7id& (Pevzner et al, 1978), 
one objective was to determine the associ-
ation between B-F RFLP pattern and the 
IrGAT trait. With the three restriction 
endonucleases used, the B-F RFLP pat-
terns were associated with B blood type, 
but independent of the IrGAT type. Com-
bining results of the present study with 
those from B-LP RFLP analysis (Pitcovsky 
et al, 1989) and other studies using 
immunological methods (Steadham, 1991), 
it is proposed that the locus controlling 
IrGAT is not identical to the B-F or B-L$ 
genes. Additional genes have been found 
interspersed among B-F and B-Lp genes 
(Guillemot et al, 1989b) and these genes 
may perhaps control or regulate the 
IrGAT phenotype. One of these genes, 
12.3, is hypothesized to be involved in 
lymphocyte activation (Guillemot et al, 
1989a). Nevertheless, both B-F and B-LP 
RFLP patterns are associated with the 
serologically determined B haplotype in 
the SI line. Previously, resistance to two 
diseases, Marek's disease and fowl chol-
era, was found to be linked with the B 
haplotype in the SI line (Steadham et al., 
1987; Lamont et al, 1987), illustrating an 
association between resistance to these 
diseases and the MHC Class I and II RFLP 
patterns. 
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